SUMMARY -Th e aim of this study was to assess damage to retinal ganglion cells (RGC) and morphology of the optic nerve head (ONH) in patients with primary open angle glaucoma (POAG) and non-arteritic anterior ischemic optic neuropathy (NAION). Th e study included three groups of patients, as follows: 40 eyes with POAG, 40 eyes with NAION and 40 eyes with refraction anomaly. All patients underwent standard automated perimetry and analysis of ONH topography by using confocal scanning laser ophthalmoscopy (CSLO)-HRT II. Visual fi eld defects such as decreased retinal sensitivity prevailed in the eyes with POAG, whereas in the eyes with NAION they were mostly manifested as concentrically narrowed visual fi eld and quadrant excesses. Topographic ONH alterations, examined by HRT II, showed the same number of sectors to be aff ected in the eyes with POAG and NAION. A larger number of sectors in the upper part of ONH were aff ected in the eyes with NAION. Optic disc morphology diff ered signifi cantly between the eyes with POAG and NAION by a higher rate of neuroretinal rim thinning and higher mean cup depth in the POAG group.
Introduction
Th e most common diseases that cause damage to retinal ganglion cells (RGC) are primary open angle glaucoma (POAG) and non-arteritic anterior ischemic optic neuropathy (NAION) 1 . POAG is a slowly progressing bilateral chronic optic neuropathy characterized by RGC loss and morphological changes in the optic nerve head (ONH) with thinning of the neuroretinal rim and enlargement of the optic disc cup. Histologic studies have shown the nerve fi bers of greater diameter to decay more rapidly than those with a mean diameter and this loss of large axons is most common in the inferior and superior poles of the optic disc [2] [3] [4] [5] . Studies have demonstrated that mechanical stress could cause physical alterations in the ONH, such as misalignment of the fenestrate in lamina cribrosa, which may lead to axoplasmic fl ow obstruction due to its back bowing. Th is hypothesis is supported by the observation that elevated intraocular pressure (IOP) leads to blockage of axoplasmic transport despite intact ONH capillary circulation and increased arterial partial oxygen pressure. It has been established that not only simple mechanical but also hydrostatic mechanisms are involved in the obstruction of axoplasmic fl ow as a response to elevated IOP. Ischemic lesions in POAG develop despite longitudinal and transverse connection of blood vessels in the ONH. Th ese observations lead to a conclusion that POAG and NAION have a vasogenic basis of ONH damage, which is different according to the change rate [6] [7] [8] . Th e morphology of disc in POAG is characterized by thinning of the neuroretinal rim, excavation of the optic cup, and a higher cup/disc ratio 9, 10 . Non-arteritic anterior ischemic optic neuropathy is the most common acute unilateral optic neuropathy in persons over the age of 50. Small papilla with a small or absent physiological cup is usual in patients with NAION. It is postulated that NAION is an ischemic injury of the ONH, which results from perfusion insuffi ciency in the short posterior ciliary arteries. Apart from vascular factors, there also are structural and mechanical factors that may contribute to ONH damage. However, NAION is considered as a multifactorial disorder, although numerous studies revealed that the crowded disc and its excavation were more important risk factors than ischemia [11] [12] [13] [14] [15] . Unlike POAG, NAION is characterized by optic disc swelling with resolution over weeks, visual fi eld defects, morphological alteration, pallor of the optic disc, and relatively preserved neuroretinal rim.
Some general similarities in optic disc morphology are often observed in glaucomatous and NAION eyes, such as the expansion of the optic disc cup and reduction of the retinal nerve fi ber layer (RNFL) thickness 1 . However, diff erences in visual fi eld loss due to RGC damage suggest that there are distinct mechanisms of development and distribution of ischemia. Th e loss of nerve fi bers in NAION primarily aff ects the superior half, whereas in POAG it usually aff ects temporal and inferior parts of the ONH 16, 17 . Relying on previous investigations, we wanted to evaluate functional and morphological damage to the ONH in patients with POAG and NAION.
Patients and Methods
Th ree groups of patients aged 50-75 were included in the study. Th ere were 40 eyes with POAG, 40 eyes with NAION, and 40 eyes with refractive errors. All patients were selected randomly at the time of their regular ophthalmologic examination. 18 . Visual fi eld loss was defi ned as glaucoma hemifi eld test result outside the normal limits and three points abnormal at the 5% level in one hemifi eld on the pattern deviation plot of a Humphrey Visual Field Analyzer. Diagnosis of NAION was based on the history of sudden vision loss, disc pallor on fundus ophthalmoscopy, visual fi eld defects consistent with NAION, and no signs or symptoms in medical history suggestive of arteritic anterior ischemic optic neuropathy (AAION). Th e third group consisted of patients with refractive error and no abnormal fi ndings on complete ophthalmological examination, including best corrected visual acuity equal to or more than 0.8, IOP less than 21 mm Hg, normal slit-lamp and fundus examination, and normal HRT II and visual fi eld test.
Th e following inclusion criteria were to be met for the study purposes: 1) eyes with best corrected visual acuity 0.2 or larger; 2) eyes with a refraction error less than 5 and astigmatism less than 3 diopters; 3) history of acute NAION occurrence no more than 4 months prior to the study; 4) eyes with normal disc area (1.69-2.82 mm 2 ); and 5) subjects with reliable test results of visual fi eld and HRT II. Th e following exclusion criteria were applied: blurred optic media, narrowed iridocorneal angle, previous eye surgeries, and severe eye trauma.
Visual fi eld tests were divided into six categories: no abnormality, decreased retinal sensitivity, paracentral scotoma, concentrically narrowed visual fi eld, arch scotoma, and quadrant irregularities. Th e visual fi eld parameters analyzed were mean deviation (MD) and pattern standard deviation (PSD). Th e following HRT II parameters were analyzed: 1) irregularities by the number of sectors; 2) irregularities by localization (T -temporal, TS -temporal superior, TI -temporal inferior, N -nasal, NS -nasal superior, NI -nasal inferior sector); 3) disc area; 4) rim area; and 5) mean cup depth.
Statistical analysis
In order to carry out statistical analysis of the data collected, the following statistical tests were selected depending on the type of variables. Median and interquartile range were selected to presenting mean values and dispersion measures in continuous variables because their distributions were signifi cantly diff erent from normal. Mann-Whitney U test was used to compare two such variables, whereas Kruskal-Wallis test was used to compare variables among 3 and more groups. Nominal and ordinal variables were analyzed by using the c 2 -test. Th e module of exact tests was used for defi ciency of the expected frequency. Th e values of p less than 0.05 were considered to be statistically signifi cant. All statistical analyses were performed 
Results

Visual fi eld defect characteristics
Th e loss of RGC was estimated by evaluating the visual fi eld defect characteristics in patients with POAG and NAION (Table 1) . Th e visual fi eld parameters of MD and PSD were analyzed. In patients with POAG, visual fi eld irregularities in the form of decreased retinal sensitivity (22.5%) prevailed. Th is value was signifi cantly higher in comparison with patients with NAION and control group. In patients with NAION, visual fi eld defects were mostly manifested as a concentrically narrowed visual fi eld (12.5%) and quadrant irregularities (32.5%). Th ese percentages of visual fi eld damage were signifi cantly higher in comparison with the two other groups.
Comparison of visual fi eld mean deviation and pattern standard deviation
Comparison of visual fi eld defects expressed as MD and PSD was done among three groups of patients: POAG, NAION and controls (refractive anomalies) (Fig. 1) . Th e value of MD was -11.165 [6.55] dB in patients with POAG, -11.430 [7. 88] dB in patients with NAION, and -0.705 [1.16] dB in control group (Kruskal-Wallis test=69.642; p<0.001). MD value was signifi cantly higher in the group of patients with NAION in comparison with control group (Mann-Whitney U test=2.500; p<0.001). Also, statistical analysis showed the MD value to be signifi cantly higher in patients with POAG than in control group (Mann-Whitney U test=100.000; p<0.001) (Fig. 1A) .
Th e value of PSD was 10.700 [6. 57] dB in patients with POAG, 11.770 [8.24] dB in patients with NAION, and 1.805 [0.82] dB in control group (Kruskal-Wallis test=72.780; p<0.001). Th e value of PSD in the POAG group (Mann-Whitney U test=53.000; p<0.001) and NAION group (Mann-Whitney U test=21.000; p<0.001) was signifi cantly higher in comparison to control group (Fig. 1B) .
Characteristics of the optic nerve head sectors on HRT II
We estimated the loss of RGC and topographic changes of ONH according to the number and localization of aff ected sectors by using HRT II. Patients with NAION had a signifi cantly higher number of excesses in three sectors (22.5%), whereas patients with NAION and POAG had signifi cantly higher excesses in four (27.5% and 30.0%) and fi ve sectors (35.0%), respectively, in comparison to control group (Table 2) .
In patients with POAG, the localization of irregularities on HRT II was signifi cantly higher in the temporal inferior (87.5%), nasal (70.0%) and nasal inferior sector (57.5%), whereas patients with NAION mostly had irregularities in the temporal (65.0%), temporal superior (100%) and nasal superior sector (85.0%) ( Table 3) .
Neuroretinal rim area
Measurements of the neuroretinal rim area of ONH were done by HRT II and expressed in mm 2 (Fig. 2) . Statistical analysis showed the neuroretinal rim area in POAG group to be signifi cantly lower as compared with the other two groups, NAION group (Mann-Whitney U test=171.000; p<0.001) and control group (Mann-Whitney U test= 149.000; p<0.001).
Mean cup depth
Th e HRT II was used to measure the mean cup depth of ONH (Fig. 3) . In patients with POAG, the mean cup depth was 0.346 [0.156] mm and it was signifi cantly higher than in patients with NAION (0.174 [0.021] mm; Mann-Whitney U test=161.000; p<0.001) and control group (0.159 [0.148] mm; Mann-Whitney U test=169.000; p<0.001).
Discussion
Several studies compared optic disc morphology in patients with POAG and NAION at a given level of RGC loss and the authors focused on global ONH parameters 16, 17, 19 . In our study, we estimated global and sector ONH parameters and visual fi eld defects in or- der to diff erentiate glaucoma and ischemic optic neuropathy. In patients with POAG, visual fi eld irregularities in the form of decreased retinal sensitivity prevailed, similar to those described in the study by Mills et al. 20 . According to the classifi cation proposed by Hodapp et al. 21 , all examined patients with POAG had early or moderately developed disease. In patients with NAION, visual fi eld defects were mostly manifested as a concentrically narrowed visual fi eld and quadrant excess, and similar results were obtained by Tesser et al. 22 .
Patients with POAG and NAION had signifi cantly higher MD and PSD values in comparison to control group, while there was no signifi cant diff erence between the groups of patients with POAG and NAION. Th e studies by Saito et al. and Danesh-Meyer et al. showed almost similar MD and PSD results by comparison of POAG and NAION patients 16, 17 . Mayama et al. also found that visual fi eld defects in patients with glaucoma, expressed as MD or PSD value, were signifi cantly higher than in healthy controls 23 . According to some studies, MD was a more relevant parameter than PSD value 24 . By using HRT II in order to analyze ONH topography, we showed that patients with POAG had a signifi cantly higher number of excesses in four and fi ve sectors, whereas patients with NAION had more excesses in three, four and fi ve sectors. According to localization, in patients with POAG irregularities prevailed in the temporal inferior, nasal and nasal inferior sector. In NAION patients, irregularities were mostly located in the temporal superior, temporal and nasal superior sector. In this study, patients with POAG had the same number but diff erent localization of aff ected ONH sectors in comparison to NAION patients for the same level of RGC loss, which was estimated by visual fi eld MD. Han et al. demonstrated that the inferotemporal rim loss usually was more pronounced in glaucoma patients, and therefore superior visual fi eld defects were more expressed. Th erefore, inferior visual fi eld defects were more common in the NAION group 25 . Other authors found thickening rather than thinning of the prelaminar neural tissue to occur fi rst in the early stage of glaucoma. A possible explanation could be that POAG fi rst reduces the function of RGC, whereas NAION results in acute RGC death 1, 19 . Th e predilection site of ONH damage in patients with POAG and NAION could be a result of impairment in the prelaminar and laminar regions, which diff er by structural elements. Th e prelaminar region contains axons of RGC, astrocytes and glial cells, whereas the laminar region is made up from dense connective glial tissue that forms barrier around axon bundles. POAG aff ects the laminar connective tissue much more than NAION. Consequently, the loss of axons leads to an increase of disc excavation and thinning of the connective tissue. Unlike POAG, the neuroretinal rim is relatively spared in NAION. It is possible that diff erence in the structure of extracellular matrix infl uences the stability of laminar region. Vascular supply of ONH in the eyes with POAG passes vertically (60% of cases) through temporal part of the papilla and is more sensitive to ischemia when the perfusion pressure decreases 26, 27 . In the eyes with NAION, segmental excesses probably occur due to anatomic division of the microvasculature supplying the ONH into distinct upper and lower halves.
In this study, measurement of the neuroretinal rim area in patients with POAG and NAION yielded similar results as in the studies by Yang et Saito et al. found a signifi cantly greater cup area and cup volume in patients with NAION than in normal eyes. It is possible that NAION eyes in the aforementioned study were investigated much later after disease onset, which could have resulted in more prone cupping 29 . On the contrary, results of other studies showed that NAION patients had a smaller optic cup and cup/disc ratio 26, 30 . In this study, the visual fi eld defects characteristic of POAG patients were mostly in the form of decreased retinal sensitivity, whereas in NAION patients they were in the form of concentrically narrowed visual fi eld and quadrant excesses. Th e ONH topographic alterations in POAG were mostly localized in the temporal inferior, nasal and nasal inferior sector, whereas in NAION they were localized in the temporal, temporal superior and nasal superior sector. Th e optic disc topography diff ered signifi cantly between POAG and NAION patients by the higher rate of neuroretinal rim thinning and higher mean cup depth in the eyes with POAG.
Th is study had potential limitations. Th e amount of RGC loss was adjusted by the visual fi eld results, which are not strongly confi dent, particularly in NAION patients that had worse central vision acuity than POAG patients, and had no visual fi eld testing experience as glaucoma patients. A disadvantage of the study performed with HRT II could be that the disc margin was drawn by the observer, thus introducing subjectivity into image analysis.
